We investigate the holographic DC and Hall conductivity in massive Einstein-Maxwell-Dilaton (EMD) gravity. Two special EMD backgrounds are considered explicitly. One is dyonic ReissnerNordström-AdS (RN-AdS) geometry and the other one is hyperscaling violation AdS (HV-AdS) geometry. We find that the linear-T resistivity and quadratic-T inverse Hall angle can be simultaneously achieved in HV-AdS models, providing a hint to construct holographic models confronting with the experimental data of strange metal in future. * Electronic address: zhouzh@ihep.ac.cn † Electronic address:
I. INTRODUCTION
The strange metal phase, which emerges in normal states of high temperature superconductors and heavy fermion compounds near a quantum critical point, exhibits a number of weird transport properties that challenge understanding. The most famous characteristics of the strange metal phase is that its resistivity ρ(T ) varies linearly with temperature, while the inverse of Hall angle θ −1 H (T ) varies quadratically with temperature [1] [2] [3] [4] . Some theoretical attempts have been made to attack this problem by proposing that there are different scalings between Hall angle and resistivity [5, 6] . However, due to the strongly correlated nature in these materials, a complete resolution to this problem is still absent in theory so far.
AdS/CFT correspondence provides a powerful tool to study strongly correlated systems.
In particular, the methods of computing transport coefficients by holography have been developed in [7, 8] . The linear-T resistivity has been solely reproduced by holography in [9, 10] . One mechanism is to consider a Lifshitz gravitational system with Dirac-Born-Infeld (DBI) action, in which the resistivity displays linear property with temperature when the Lifshitz exponent takes a special value of z = 2 [9] . An alternative is proposed in [10] . They introduced a hydrodynamic state with a minimal viscosity η ∼ s being weakly coupled to disorder, in which the viscosity will contribute to the resistivity such that ρ ∼ η ∼ s.
And then by holography, a well-controlled locally quantum critical state with s ∼ T [11] is introduced such that one has ρ ∼ T , i.e., the linear-T resistivity. More recently, progress has been made in addressing different scalings between Hall angle and resistivity by holography [12] [13] [14] [15] [16] [19] [20] [21] [22] [23] . Particularly, a scaling analysis suggests that the anomalous behaviors ρ ∼ T as well as θ H ∼ 1/T 2 can be reproduced in the HV geometry with DBI action [21] . But note that the backreaction of gauge field on the spacetime geometry is ignored in [21] . Another progress is from Ref. [23] , in which the resistivity and Hall angle exhibit different scalings in holographic Q-lattice model.
Inspired by the work in [23] , in present note we attempt to address this dichotomy between resistivity and the Hall angle in a simpler holographic framework, i.e., massive gravity. The first holographic massive gravity model is constructed in [24] where a finite DC conductivity is observed. Subsequently, a lot of works have also implemented finite DC conductivity in this framework [25] [26] [27] [28] [29] [30] [31] . Due to the breaking of diffeomorphism symmetry, the stress-energy tensor in massive gravity is not conserved, leading to a similar effect of dissipating momentum as that of holographic lattice model [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] , which has originally been pointed out in [45] . Here, we shall first derive general analytic expressions for the resistivity and the Hall angle in holographic massive EMD gravity in Section II. These expressions are applicable for a larger class of scaling geometries. Specifically, we shall discuss the case of dyonic RN-AdS and HV-AdS geometry in Section III. We conclude this note with a brief discussion on the scale dimension analysis at low temperature.
Note added: While this work was in preparation Ref. [46] appeared, which has some overlap with ours. In addition, we would like to point out that the thermoelectric conductivities at finite magnetic field in holographic Q-lattice model were discussed in [47, 48] .
II. DC AND HALL CONDUCTIVITY IN HOLOGRAPHIC MASSIVE EMD

GRAVITY
In this section, we shall derive general analytic expressions for DC and Hall conductivity in holographic massive gravity, which can be applicable for a large class of scaling geometries.
For this purpose, we generalize the holographic massive gravity action in [24] to the following EMD theory,
where
f µν is the reference metric and we are interested in the special case with f µν = diag(0, 0, 1, 1), which breaks the diffeomorphism along two spatial directions. In comparison with [24, 46] , a scalar field is introduced with an arbitrary potential V (φ), a dilaton-like coupling Z(φ) as well as a coupling β(φ) with the massive term.
To study the Hall conductivity, we turn on a magnetic field on the background and consider the following ansatz
where B is a constant magnetic field. We also assume that U, V, W > 0 and at the horizon position r + , U(r + ) = 1/V (r + ) = 0, U(r + )V (r + ) < ∞. These assumptions are usually true for general holographic models.
In order to compute the DC and Hall conductivity, we consider vector fluctuations over the homogeneous and isotropic background (2) and (3). Due to the presence of magnetic field, these perturbations will induce electric currents along x and y directions and provide non-zero contributions to the t − x, t − y, r − x, r − y components of the energy-momentum tensor. It turns out that a consistent ansatz for perturbations can be chosen as
Here, following closely the method outlined in [23, 40] , we turn on a constant electric field E x to detect the DC and Hall conductivity.
With the use of Maxwell equations, one can define the conserved charge Q and the conserved currents J x , J y as follows
where the prime denotes the derivative with respect to r. The conductivities along x and y directions can be expressed as σ xx = J x /E x , σ xy = J y /E x , respectively. Because J x , J y are conserved along r direction, it is more convenient to evaluate them at r = r + . Thus, the conductivities can be completely determined by the regularity of fluctuation modes at the horizon, which are
The currents now can be expressed as
Taking into account the x − x, r − x, r − y components of Einstein equation and evaluating them at r = r + , we can derive the relations between the electric perturbation and metric perturbation as,
where all the variables should be understood as taking values at r = r + and the variable m is defined as m := −2β(φ)W (r). Putting these solutions into (12) and (13), we obtain the conductivity as
Finally, the Hall angle θ H := σ xx /σ xy and DC conductivity σ DC := σ xx (B = 0) are derived
A similar result has been reported in [23] , in which a Q-lattice is introduced instead of massive term to dissipate the momentum.
Furthermore, we would like to compare the expression of σ DC with that obtained from a hydrodynamic theory with impurity scattering in [49, 50] . To do so, we define the momentum
where s = 4πW (r + ), E and P are the entropy density, energy density and pressure of the system, respectively. It is interesting enough to notice that the coefficient function β(φ) in massive term plays the same role as the lattice parameter [23] , which has also been revealed in [45] . In addition, the first term in (19) still holds for neutral black holes and is interpreted as the creation of particle-hole pairs, independent of momentum relaxation timescale [51, 52] .
In [23] , this term is proposed as the quantum critical conductivity σ Q
Therefore, the DC conductivity can be expressed as that in [49] 
Alternatively, one can obtain above results by switching on an AC electric field with frequency ω and then taking the limit of ω → 0. Such a consideration can be found in [25, 28] .
Moreover, the Hall angle θ H can be expressed in terms of the momentum relaxation timescale as
So far, we have successfully implemented the dichotomy between DC resistivity and the Hall angle in the framework of holographic massive gravity, which provides a new mechanism to realize the anomalous transport behaviors of strange metal. Since the functions Z(φ), β(φ) in Eqs. (18) and (19)(or σ Q , τ M in Eqs. (22) and (23) 
A. DC and Hall conductivity in dyonic RN-AdS geometry
For the asymptotic AdS case, we can choose
A background solution for the action (1) with V (φ) = 6, Z(φ) = 1, β(φ) := β = const. is
where M is an integral constant determined by f (r + ) = 0. The Hawking temperature is
A straightforward usage of expressions (18) and (19) leads to
Take into account the scaling relation r + ∼ 1/T in AdS background, the resistivity and inverse Hall angle would have the similar behavior of temperature dependence. Thus, it is hardly possible to reproduce the linear-T resistivity and quadratic-T inverse Hall angle simultaneously.
B. DC and Hall conductivity in dyonic HV-AdS geometry
Now, we turn to consider the DC and Hall conductivity in dyonic HV-AdS geometry including massive term. For this purpose, we choose
where θ and z are the HV exponent and Lifshitz dynamical exponent, respectively.
Firstly, we study the background solution of such HV model where the coupling functions in action (1) are chosen as follows
the existence of background solution requires that
where φ 0 is a constant and we require that (2 − θ)(θ − 2z + 2) ≥ 0. Z 0 is a free parameter.
The background solution is
The Hawking temperature is given by
It is easy to check that this dyonic HV-AdS black hole shares the same near horizon geometry with dyonic RN-AdS black hole, i.e., AdS 2 × R 2 , but the asymptotic geometry (UV) is hyperscaling violating characterized by the Lifshitz exponent z and the HV exponent θ. In addition, from Eq.(33) one finds that when z = 1 and θ = 0, then β(φ) = 0 and the model goes back to that without momentum dissipation. Note that a charged HV-AdS black hole with IR being AdS 2 × R 2 has been obtained in [56] and other EDM models have also been investigated in [57] [58] [59] [60] .
Using Eqs. (18) and (19) in section II, the Hall angle and DC conductivity for the HV model can be expressed as
Obviously, when z = 1, the DC conductivity becomes infinity due to the absence of momentum dissipation.
Next, consider the case where the first term of the DC conductivity (38) is much larger than the second one. Namely, the DC conductivity is mostly dependent on σ Q = Z 0 r θ−2z+2 + . Then, using the scaling relation r + ∼ T −1/z in HV geometry, we have
Therefore, we can achieve the linear-T resistivity and quadratic-T inverse Hall angle simultaneously by setting z = 6/5 and θ = 8/5.
Finally, we shall provide a scale analysis to ensure that the results satisfy the scaling law of HV background. We introduce the scale dimension of the coordinates and the electric scalar potential as follows,
where Φ is introduced for the uniform scaling transformation of the action [17, 18, 21] . From above equations, one can derive the scale dimension of other electric variables as
Then, by σ = J/E, the scale dimension of the conductivity reads
From the expression of the DC conductivity (38), we find the second term indeed has the same scale dimension as the conductivity. The first term requires
which is consistent with the uniform scaling transformation condition
It is also easy to check the scale invariance of the Hall angle (Eq. (37)). Furthermore, we find the system has a correct scaling law even without the additional scaling parameter Φ.
IV. CONCLUSIONS AND DISCUSSIONS
In this note we have presented a mechanism to implement the dichotomy between the DC resistivity and the Hall angle in massive EMD gravity theory, where the diffeomorphism symmetry is broken along spatial directions and the momentum of the system has dissipation.
Following closely the method performed in [40] , we have derived general analytic expressions for the DC and Hall conductivity which can be applicable for a large class of holographic massive models. Because both gauge field coupling Z(φ) and massive coupling β(φ) are completely free and undetermined, this mechanism can provide a viable road toward an effective holographic field theory confronting with the experimental data.
As examples, we have presented a detailed analysis on the scaling behavior of the DC resistivity and Hall angle in dyonic RN-AdS black hole and dyonic HV-AdS black hole, respectively. The reproduction of both linear-T resistivity and quadratic-T inverse Hall angle in dyonic RN-AdS geometry is still suspensive. However, some surprise occurs in the case of the dyonic HV-AdS geometry including massive gravity term, in which the linear-T resistivity and quadratic-T inverse Hall angle can be simultaneously obtained for z = 6/5
and θ = 8/5 at large σ Q .
Finally we remark that in this note a relation r + ∼ 1/T has been applied as in most previous literature [21, 22, 61] . It is a good approximation at high temperature when the field parameters Q and β are much smaller than T such that the terms containing β and Q in
Hawking temperature (26) can be ignored. However, at low temperature we must cautiously realize that this relation may not hold anymore. In this circumstance, one could consider the Taylor expansion of thermal observables in powers of the scale invariant quantity such as T / √ Q to obtain the behavior of temperature dependence [62] .
